User fee reduction and removal policies have been the object of extensive research, but little rigorous evidence exists on their sustained effects in relation to use of delivery care services, and no evidence exists on the effects of partial reduction compared with full removal of user fees. We aimed to fill these knowledge gaps by assessing sustained effects of both partial reduction and complete removal of user fees on utilization of facility-based delivery. Our study took place in four districts in the Sahel region of Burkina Faso, where the national user fee reduction policy (SONU) launched in 2007 (lowering fees at point of use by 80%) co-existed with a user fee removal pilot launched in 2008. We used Health Management Information System data to construct a controlled interrupted time-series analysis and examine both immediate and sustained effects of SONU and the pilot from January 2004 to December 2014. We found that both SONU and the pilot led to a sustained increase in the use of facility-based delivery. SONU produced an accumulative increase of 31.4% (P < 0.01) over 8 years in the four study districts. The pilot further enhanced utilization and produced an additional increase of 23.2% (P < 0.001) over 6 years. These increasing trends did not continue to reach full coverage, i.e. ensuring that all women had a facility-based delivery. Instead, they stabilized 3 years and 4 years after the onset of SONU and the pilot, respectively. Our study provides further evidence that user fee reduction and removal policies are effective in increasing service use in the long term. However, they alone are not sufficient to achieve full coverage. This calls for the need to implement additional measures, targeting for instance geographical barriers and knowledge gaps, to achieve the target of all women delivering in the presence of a skilled attendant.
Introduction
Maternal and neonatal mortality remains a global challenge (United Nations, 2015) . Guaranteeing universal access to essential maternal care services, especially to skilled birth attendance, has long been advocated as a key measure to reduce maternal mortality (Campbell and Graham, 2006) , as well as intrapartum-related stillbirths and neonatal deaths (Lawn et al., 2009a,b) . Still, recent estimates indicate that in sub-Saharan Africa (SSA), the region with the highest maternal and newborn mortality worldwide (Kassebaum et al., 2014; Wang et al., 2014) , nearly half of all births are not attended by skilled personnel (United Nations, 2014) .
In an attempt to increase skilled birth attendance, many SSA countries have substantially reduced or fully removed user fees for obstetric care services (Yates, 2009; Ridde and Morestin, 2011; Richard et al., 2013) . The rationale behind such policies has been the wide recognition that that user fees constitute a major financial barrier to accessing health care, especially for vulnerable groups, such as women and the very poor (Borghi et al., 2008; Gabrysch and Campbell, 2009; Yates, 2009; Lagarde and Palmer, 2011; KyeiNimakoh et al., 2017) . User fee reduction and removal policies aim at facilitating access to care by lowering financial barriers at point of use, hence increasing its use and ultimately improving health outcomes (Ridde and Morestin, 2011; Richard et al., 2013) .
Numerous evaluations have been conducted to assess the effects of user fee reduction and removal policies targeting delivery care (Ridde and Morestin, 2011; Hatt et al., 2013; Richard et al., 2013; Dzakpasu et al., 2014) . Beyond methodological variations and the limitations that inevitably affect all studies aimed at assessing causality, evidence converges to indicate an immediate and positive effect on the use of healthcare services following the reduction or removal of user fees (Dzakpasu et al., 2014) . Specifically, one study found a 5% increase in facility-based delivery in three SSA countries (Kenya, Ghana and Senegal) , where there were user fee removal policies in place (McKinnon et al., 2015) . Another study, examining the effects of two different national polices which ensured free access to delivery care in Ghana, detected a significant and immediate increase in institutional delivery rates following the introduction of the two policies (Dzakpasu et al., 2012) . In Burkina Faso, two studies identified a substantial increase in the rate of assisted deliveries 1 year after the introduction of the user fee removal pilot in the Sahel region (Ridde et al., 2013; Johri et al., 2014) .
Evidence on the sustained effects of user fee reduction and removal policies for maternal care remains scant and mixed. We only identified five studies that assessed the effects of user fee reduction and removal over a period longer than 3 years De Allegri et al., 2012; Dzakpasu et al., 2012; Fournier et al., 2014; Ganaba et al., 2016) . Among these five studies, three examined the same national user fee reduction policy for delivery care implemented in Burkina Faso since 2007, but reported contrasting findings, depending on the region under study and the methodology applied. Working with population-based data from the Nouna Health District, De Allegri et al. (2012) suggested an increase of 35% in the proportion of facility-based delivery over a 5-year period (2006) (2007) (2008) (2009) (2010) . Using routine data, Ganaba et al. (2016) detected an annual increase of 4% in six other districts during the same 5-year period. In contrast, also using routine facility-based data across 23 districts, found no significant change in the overall trend 3 years after the policy was implemented. Similarly, Dzakpasu et al. (2012) did not identify a sustained change over 5 years after the launch of the 2005 free delivery care policy in Ghana. Fournier et al. (2014) found a sustained increase in the rate of caesareans for only one group of women living in cities with district hospitals in the 7 years following the introduction of the national free caesarean policy in Mali.
The current literature on the sustained effects of user fee reduction and removal policies often suffers from major methodological limitations, failing to account for underlying trends over time or to address potential sources of biases due to lack of control group De Allegri et al., 2012; Dzakpasu et al., 2012; Fournier et al., 2014; Ganaba et al., 2016) . These limitations are closely linked to the nature of the public health interventions (i.e. not planned according to an experimental model facilitating the application of sound analytical techniques) or to the nature of the data available (i.e. repeated cross-sectional surveys, facility-based data). Nonetheless, this implies that robust evidence on the sustained effects of user fee removal and reduction policies for delivery care is still missing. In addition, none of the available literature examines specifically the comparative effect of fully removing vs only partially reducing user fees for delivery care, in spite of the central role that such evidence could play in informing policy making on the relative benefits of the two approaches vis-à -vis one another.
Our study aimed to fill these knowledge gaps by pursuing two parallel objectives. First, using routine health facility longitudinal data from Burkina Faso, we assessed the sustained effects of both partial reduction and complete removal of user fees on utilization of facility-based delivery. Second, while doing so, we explicitly compared the two policies to assess the marginal benefit of one vs the other. Burkina Faso provided the ideal setting to pursue our study objectives, given the co-existence of a national user fee reduction policy and a full user fee removal pilot in its Sahel region for the period from 2007 to 2015.
Study methodology

Study setting
Our study took place in the Sahel region of Burkina Faso, where the national user fee reduction policy and user fee removal pilot were implemented in parallel. Located in the North-East and counting a population of 1 160 000 inhabitants, mainly herders and farmers, Sahel is the poorest region in the country (Ministère de la Santé du Burkina Faso, 2015) . It consists of four rural districts (Dori, Sebba, Djibo and Gorom) which share similar socio-demographic characteristics (Zombré et al., 2017) . In this region, prior to the implementation of either user fee reduction or removal, healthcare utilization, including coverage of skilled birth attendance, was among the
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lowest in the country. In 2006, the rate of facility-based delivery was only 17.6%, while the national average was 42.9% (Ministère de la Santé du Burkina Faso, 2007).
Two health financing interventions under study
We evaluated the effects of two parallel, yet different health financing interventions targeting user fees for delivery services in Burkina Faso: the national user fee reduction policy for delivery and emergency obstetric and newborn care (SONU) and the complete user fee removal pilot (the pilot) supported by the German NGO HELP. Hereafter, we provide only a brief outline of both interventions, since they have both been described in detail elsewhere (Ridde et al., , 2013 De Allegri et al., 2012; Zombré et al., 2017) . The first policy under our evaluation, SONU, was implemented nationwide from January 2007 until April 2016 (Ministère de la Santé du Burkina Faso, 2016). The policy reduced user fees at point of use by effectively implementing an 80% subsidy for delivery care services, including caesarean sections. Based on an own costing study, the government set fixed rates for delivery care services and reimbursed 80% of these values to facilities, leaving women to pay the remaining 20% at point of use. This 20% contribution ranged from 900 FCFA (franc de la Communaute Financiere Africaine) for a normal delivery to 3, 600 FCFA for a complicated delivery to 11 000 FCFA for a caesarean. The policy further entailed that the 20% poorest women should be fully exempted from payment for delivery care services (Ministère de la Santé du Burkina Faso, 2006). All districts in the Sahel region were affected by this policy, like all other districts in the country.
The second policy was the complete user fee removal pilot, which was implemented by the local health authorities with support from HELP only in two districts, Dori and Sebba, since September 2008. The pilot entailed a complete removal of fees, including the 20% SONU contribution left to be paid by women for delivery care, for pregnant women, indigents and children under five (Ridde et al., 2013; Zombré et al., 2017) .
Both SONU and the pilot were implemented in conjunction with other parallel initiatives to enhance maternal care. Specifically, the pilot was accompanied by a series of supportive measures to improve quality of care (Ridde et al., 2013; Zombré et al., 2017) . Similarly, SONU was implemented on an already functioning system, meaning that it took place concurrently with other activities aimed at strengthening health system performance, including service quality improvement . In our analysis, we had no means of isolating the effects of user fee reduction and removal from the effect of quality of care improvements, since the two components were implemented at once as a single intervention in both cases.
Study design
We adopted interrupted time-series analysis (ITSA) based on segmented regression (Shadish and Cook, 2002; Wagner et al., 2002; Penfold et al., 2007; Lagarde, 2012; Bernal et al., 2016) to estimate the effects of both SONU and the pilot. Given that the pilot was implemented in only two districts (Dori and Sebba), we were able to include the two remaining districts (Djibo and Gorom) of the region as a control group for the period following the pilot. This means that we treated all four districts as intervention for the pre-pilot period (up to August 2008) and starting from September 2008, we treated the two districts which did not receive the pilot as a control group. This implies that the estimated effect for SONU is measured as the mean changes in level (immediate change) and trend (sustained change) across all four districts in relation to their baseline level and pre-existing trend. The estimated effect for the pilot is instead measured as the difference between the mean changes in both level and trend estimated for the intervention group where the pilot was implemented and the corresponding changes estimated for the control group where only SONU continued to be implemented.
Our series covered the period of 11 years from January 2004 to December 2014 and consisted of 132 monthly data points, including 36 months for the pre-SONU period, 20 months for the period between the onset of SONU and the pilot and 76 month for the post-pilot period. In line with the overall study design, we placed two consecutive interruptions, the first in January 2007 and the second in September 2008, to quantify the effect of SONU and the pilot respectively.
Data sources
This study relied on data from two sources: Health Management Information System (HMIS) and an ad hoc health facility survey. HMIS represents the main source of data for this study. To establish a continuous and stable time series, we obtained the monthly counts of deliveries conducted in all 87 local Social and Health Promotion Centre (CSPSs), the first level facilities from the four study districts and the estimates of women at reproductive age (15-49) in the respective catchment areas.
The facility survey represents a secondary source of data used for this study. This survey was conducted in all 87 CSPSs across the four study districts with the objective of assessing whether contextual and health service factors moderate the association between user fee removal and healthcare use (Zombré et al., 2017) . For the purpose of our study, we extracted from this survey only data on presence of other health interventions in given facilities and the facility opening date. We used these data to provide complementary explanation for the ITSA findings and check the actual period for which data should have been available in HMIS records for each study facility.
Both sets of data were obtained within the framework of another study to evaluate the effects of the pilot on healthcare utilization among children under five. Data collection methods for both HMIS and the health facility survey as well as data quality considerations have been discussed extensively by Zombré et al. (2017) .
Data setup and study variables
Outcome variable Combining data from count of deliveries taking place at the CSPSs in the study districts with data on expected number of deliveries within a given catchment area (D'Altilia, 2005) 1 , we defined our outcome variable as the proportion of deliveries taking place in a CSPS. Hereafter, we refer to our outcome variable as the proportion of facility-based deliveries. Data were aggregated for all facilities within the intervention group (two districts of Dori and Sebba) and the control group (two districts of Djibo and Gorom-gorom).
Independent variables
We defined nine independent variables to be included in our ITSA model, in accordance with standard procedures in time-series modelling (Bernal et al., 2016) . Specifically, the treatment variable was defined as intervention and measured as a dichotomous variable (taking value 1 for the two districts of Dori and Sebba, hereafter referred as the intervention group, and value 0 for the two districts of Djibo and Gorom, hereafter referred as control group); time was coded sequentially from 1 to 132 (January 2004-December 2014) to capture trends in utilization over time; int-time represents the interaction between the intervention variable and the time variable; sonu_level represents a dichotomous variable to capture immediate effect (level change) due to SONU (defined as 0 for pre-SONU period and as 1 for post-SONU period); sonu_trend captures the sustained effect (trend change) in all the months following the introduction of SONU (defined as 0 for pre-SONU period, sequentially from 1 to 96 months between January 2007 and December 2014); level and pilot_level capture the level change in the control and intervention group, respectively (defined as 0 for the pre-pilot period and as 1 for the post-pilot period); trend and pilot_trend present changes in trend in control and intervention group respectively (defined as 0 for the pre-pilot period and 1-76 for the post-pilot period from September 2008 to December 2014).
Analytical approach and statistical modelling First, we plotted the outcome variable over time to visually inspect trend, seasonality, outliers and functional forms of the outcome variables.
Second, we calculated the summary statistics of the outcome variables for the overall study period as well as the three sub-periods including the pre-SONU period, the period between SONU and the pilot, and the period after the pilot.
Third, we checked and adjusted for autocorrelation. In a time series, consecutive observations tend to be more similar to one another than those that are further apart, a phenomenon referred to as autocorrelation (Bernal et al., 2016) . We ran Durbin-Watson test to 12 lags and investigated both the sample autocorrelation functions and partial autocorrelation functions to identify the autoregressive process (AR) and the moving average process (MA) in our time series (Shin, 2017) . We ran likelihood-ratio tests to check all the lags found significant with AR and MR process (Kleinbaum and Klein, 2010) . We employed a generalized least square (GLS) model to adjust for these identified autocorrelation terms.
Fourth, we tested linear and quadratic functional forms for the trend for the period following the pilot and used the Akaike Information Criteria (AIC) to determine the best fitting model (Shin, 2017) . We finally selected the GLS model adjusted for the AR process at the seventh lag (p ¼ 7) and the MA process at the first lag (q ¼ 1) and including quadratic terms for the post-pilot trend. Our final model was expressed as follows:
Where: delivery_pro is the outcome variable and denotes the proportion of facility-based deliveries in a specific month. The independent variables are explained according to five groups as follows. Fifth, since we expected it to be intuitively difficult to interpret the effect of the quadratic terms in relation to the post-pilot trends, we used the model estimates to calculate the absolute and relative changes attributable to SONU and the pilot. The absolute change is the estimated absolute difference between the predicted value of the intervention effect and the counterfactual value, while the relative change is the ratio of the predicted to the counterfactual value (Wagner et al., 2002) .
Finally, we conducted four sets of sensitivity analyses to check the robustness of our estimates to the model assumptions. First, we changed the modelling strategy and treated the two districts (Djibo and Gorom) as control already after SONU was introduced instead of treating them as control only after the pilot was introduced, as we did in our primary model. Second, we moved the first interruption from January 2007 to April 2007 to test robustness of the estimates to consider the fact that SONU required some time to be fully rolled out, effectively moving the implementation date from January to April 2007 (Belaid and Ridde, 2015) . Third, we modelled three wild data points (May-July 2010), where we observed a sudden increase in the proportion of facility-based deliveries in the control group. Fourth, we included a dummy independent variable to take into account the effect of seasonal variations during the months (AprilMay, and August-September) where we observed a peak in the utilization. We performed all data analysis in R version 3.3.3.
Results
We could include in our analysis all 87 CSPSs that had opened to serve the public before December 2014 across the four study districts. Of those, 36 CSPSs operated in the intervention districts and 51 in the control districts. The opening dates of the study CSPSs varied widely, ranging back from 1950 (Aribinda in Djibo) to December 2013 (Wendou in Dori). Our basic plot showed the curvilinear shape of the time series for the period following the pilot (see Supplementary file S1). Also, the plot did not reveal clear seasonal patterns, especially for the first 3 years from January 2004 to December 2006. From January 2007 onward, the rate of facilitybased delivery often peaked in April-May and August-September in both intervention and control groups. Table 1 reports summary statistics for both intervention and control groups for the overall study period. From January 2004 to December 2014, our database comprised a total of 9627 observations (counts of monthly data points from all 87 CSPSs), including 174 missing observations (1.8%). The missing observations occurred mostly in the months after the facility opening regardless of location in control or intervention districts; therefore, we decided to exclude all missing values from our analysis. Our final analysis considered 9453 observations in total, including 5661 observations in the control group and 3792 in the intervention group. In addition, Table 1 reports the monthly mean of proportion of facility-based deliveries, the monthly count of expected deliveries for both intervention and control groups for the overall study period and its sub-periods. Table 2 reports the final GLS model estimates. Figure 1 visualizes the final model outputs by plotting both observed (i.e. actual data points) and fitted (i.e. model estimates) lines for the intervention and control groups. At the onset of the study period, the rate of facilitybased delivery was already 9.48% (P < 0.01) higher in the intervention group as compared with the control group. There was no significant difference in the pre-existing trend between intervention and control groups (P > 0.05). We observed a slight month-to-month increase in the pre-existing trend in both control (0.1%) and intervention groups (0.07%). However, this mild positive pre-existing trend prior to SONU was not significant for both groups (P > 0.05).
The model estimates suggest that right after the introduction of SONU, there was an immediate, but not significant increase of 3.05% (level change) in the proportion of facility-based deliveries, and an additional significant month-to-month increase (trend change) of 0.76% (P < 0.01) for the period between the onset of SONU and the removal pilot in all four study districts. With regards Represents positive or negative changes or differences (þ represents an increase, and -represents a decrease). All significant values are highlighted in bold. ***, **, * significance level at 0.001, 0.01 and 0.05, respectively. to the effects of the pilot, in the control group, we detected an immediate and significant increase of 7.64% in the rate of facility-based deliveries. This immediate increase in the control group was followed by a significant month-to-month reduction at the rate of 0.69% (P ¼ 0.01) in the post-pilot period in the linear trend, and a non-significant decrease in its corresponding quadratic trend. Meanwhile, in the intervention group, there was an immediate increase of 8.91% in the rate of facility-based delivery following the introduction of the pilot, hence only 1.27% higher than the corresponding estimate for the control group. The difference between the two was not statistically significant. This difference in initial increase between the intervention and control groups was accompanied with a significant month-to-month increase of 1.03% (P ¼ 0.001), while its corresponding quadratic trend indicated a significant monthly reduction at the rate of 0.01% (P ¼ 0.01) throughout the post-pilot period. Table 3 presents the absolute and relative effects (averaged across the four districts) of SONU on utilization of facility-based deliveries in percentage and counts over 8 years following its implementation. One year after the introduction of SONU, the estimated rate of facility-based delivery in Djibo and Gorom was 26.1% (the predicted value). If SONU had not been implemented, this value should have been only 13.9% (the counterfactual value), presenting an absolute increase of 12.2%, or equivalent to a relative increase of 87.5%. As a result, Djibo and Gorom saw an addition of 2937 facility-based deliveries by December 2007. This increasing trend continued and peaked at the end of the third year after the onset of SONU, where it recorded an increase of 27.0% in absolute term or 166.5% in relative term. From the fourth year onward, this trend started to slow down until the end of the study period (December 2014), when the rate of facility-based delivery stood at 53.5%, presenting an absolute and relative increase of 31.4% and 142.0%, respectively. Over 8 years, SONU produced an accumulative increase of 31.4%, equivalent to an annual increase of about 4% (31.4%/8) on average and translated to 10 478 additional facilitybased deliveries in Djibo and Gorom for the year 2014 alone.
Similarly, Table 4 shows the absolute and relative effects of the pilot on utilization of facility-based delivery both as percentage and as counts over a 6-year period after its launch. Sixteen months after the introduction of the pilot (December 2009), the rate of facility-based delivery in the intervention districts was estimated at 65.7%, equating an absolute increase of 15.3%, or a relative increase of 30.4% in relation to its counterfactual (the rate of facility-based delivery predicted for the control group). This positive trend continued and peaked at the end of the fourth year when it experienced an increase of 28.5% in absolute terms or 51.6% in relative terms. The increasing rate started to stabilize from the fifth year onward. At the end of the study period, the rate of facility-based delivery in the intervention group was predicted at 81.8%, or an increase of 23.2% and 39.6% in absolute and relative terms, respectively, which translated into 5 720 additional facility-based deliveries in Dori and Sebba for the year 2014 alone. The accumulative increase associated with the pilot over 6 years was 23.2%, or approximately 4% annually (23.2%/4).
The sensitivity analyses confirmed that our findings were robust to model assumption. None of the parallel analyses indicated any remarkable changes in their patterns of results; including level and trend changes, their magnitude and their significance (see Supplementary file S2).
Discussion
This study is the first to apply a controlled ITSA to assess both the sustained effects of the user fee removal for delivery care and the relative effect of complete fee removal in comparison to partial reduction. The unique setting of Burkina Faso, with two parallel policies in place (a national user fee reduction policy, SONU and a user fee removal pilot) combined with the availability of high quality routine HMIS data, made it possible for us to conduct this study and make a substantial contribution to the available literature. We did so by relying on a controlled ITSA, a method currently recognized as the strongest quasi-experimental design, capable of The predicted values, the counterfactual and the absolute change in counts of facility-based delivery were calculated, using the initial level, pre-existing trend of and the expected number of deliveries in the two districts of Djibo and Gorom. accurately attributing effects to specific interventions by accounting for underlying time trends (Wagner et al., 2002; Penfold et al., 2007; Lagarde, 2012; Bernal et al., 2016) . Our study detected a significant positive sustained effect of both user fee reduction and removal on the use of facility-based delivery in Burkina Faso. Specifically, SONU produced an aggregated increase of 31.4% over 8 years, equivalent to an annual increase of 4%. This increasing trend was continuous during the first 3 years and gradually flattened out. Similarly, the pilot further enhanced utilization and increased the utilization of facility-based delivery by 23.2% over a 6-year period, equating an annual increase of about 4% on average. The positive trend associated with the pilot lasted for 4 years and then started to stabilize.
Our findings are not aligned with prior findings from Haddad et al. (2012) and Johri et al. (2014) on the immediate effect of SONU and the pilot, probably due to the fact that the two studies relied on a shorter time series and different analytical approach (multilevel modelling) and hence detected larger short-term effects. Still, the magnitude of the 5-year increase (28.8%) due to SONU estimated in our study is comparable with the population-based estimate of 35% observed by De Allegri et al. (2012) over the same period in Nouna district. Similarly, the increase of 4% per annum observed in our study is equal to the estimate produced by Ganaba et al. (2016) also using HMIS data. Appraising our findings in relation to prior evidence on the effects produced by the same user fee pilot on healthcare utilization for children under five, we note that our study did not detect a comparably large significant effect immediately following its implementation, but rather a sustained effect over 6 years were comparable (Zombré et al., 2017) . The difference in immediate effects could be partly attributable to the size of the fee removal (Carroll et al., 2007; Gearing et al., 2011) .
On the one hand, the significant and continuous monthly increase observed across all four study districts following the introduction of SONU confirms that user fees have long been a major barrier to accessing care (Borghi et al., 2008; Gabrysch and Campbell, 2009; Yates, 2009; Lagarde and Palmer, 2011; Kyei-Nimakoh et al., 2017) and that substantially reducing payments is already sufficient to produce sustained increases in service utilization. On the other hand, the significant and monthly increase following the introduction of the pilot in Dori and Sebba compared with the partial reduction maintained in Djibo and Gorom supports the evidence that even low co-payments can deter health service use (Puertas et al., 2005; De Allegri et al., 2015) , especially in poor and disadvantaged areas like the Sahel region (Ministère de la Santé du Burkina Faso, 2015) . This finding contributes to dispel a misconception about free health care, stating that a financial contribution, whatever small, is required for people to appreciate the value of the services they receive .
In line with the objectives set by the Sustainable Development Goal 3 (United Nations, 2015), our findings clearly point at the need to invest in policies that remove all financial barriers at point of use, a process which in Burkina has been initiated with the launch of the gratuité policy in April 2016, asserting the removal of all fees for preventive and curative care for pregnant and lactating women and children under five (Ministère de la Santé du Burkina Faso, 2016). Our results would suggest that the implementation of this national policy is likely to result in further increases in healthcare use by reducing financial barriers at point of use. Given that the four study districts had the country lowest utilization rates of facilitybased delivery prior to SONU (only 9.2% in Djibo and Gorom and 18.7% in Dori and Sebba in January 2004), the magnitude of the observed effect could be larger than what could be expected in districts starting from a higher baseline value. This same consideration on the role of an initial low level of healthcare utilization (50.4%) applies also when considering the impact of the pilot. This implies that the expectation on the potential gain of the gratuité policy needs to be tested in future studies to confirm whether it is capable of producing the same effects as the pilot object of our analysis. Also, this finding suggests that user fee removal can produce similarly large gains on the coverage of facility-based delivery in other SSA countries with similarly initially low rates of skilled birth attendance as in the Sahel region.
Similarly, our findings illustrate the relative success of the Burkinabè experience, where reduction and removal of user fees have resulted in the utilization rate that was approximately 35% higher than the SSA average (United Nations, 2014) and 4%-26% higher than what observed in other six SSA countries (Burundi, Ghana, Senegal, Niger, Kenya, Liberia) where similar user fee removal policies have been implemented (UNICEF, 2017) . Understanding differences in the effect produced by similar user fee reduction and removal policies should be object of future research, as differences in implementation may be largely responsible for the observed differences in effects (Belaid and Ridde, 2015; Witter et al., 2016) . In the case of Burkina Faso, it is possible that accompanying efforts to improve quality of service delivery contributed to attracting women to the facilities (Ridde et al., , 2013 Philibert et al., 2014) .
The fact that the rate of facility-based deliveries stabilized 3 years and 4 years after the onset of SONU and the pilot, respectively suggests the existence of other important barriers beyond financial ones. In fact, deteriorated quality of care due to excessive increase in utilization has been hypothesized as a possible reason for non-sustained effects (Gilson and McIntyre, 2005; FEMHealth, 2014) . However, in our study setting, where both SONU and the pilot were implemented together with quality improvement measures, this reasoning may not applicable. Hence, the most credible emerging hypothesis to explain the effect plateauing after a 3-year period for SONU and a 4-year period for the pilot is that the unmet needs due to financial constrains were met within this timeframe, while other non-financial barriers (such as geographical accessibility and information gaps) and individual unobserved factors continued to challenge access to care. This finding corroborates existing evidence that user fee are only one among many barriers to assessing obstetric care (Borghi et al., 2006; Gabrysch and Campbell, 2009; Yates, 2009; Lagarde and Palmer, 2011; De Allegri et al., 2015; Kyei-Nimakoh et al., 2017) . It implies that the effective implementation of user fee removal alone is not sufficient to reach the full coverage and points at the need for further accompanying measures which address holistically the other important non-financial barriers to ensure that all women deliver in the attendance of a trained professional (Borghi et al., 2006; FEMHealth, 2014; Witter et al., 2016) .
The 7.64% immediate increase in the facility-based delivery rate observed in the control districts following the launch of the pilot appears surprising and deserves further explanation, especially since it minimized the detectable difference between intervention and control groups at this time point. This unexpected finding could be partly due to the seasonal variations addressed in our sensitivity analysis, since the peak in the facility-based delivery rate coincided with the months during which the pilot was introduced (August and September). It could also be partly attributable to the implementation reality of SONU, as prior research has already revealed that the mass communication campaign for SONU took place only a year and a half after the policy launch, between May and July 2008 . Hence, it is plausible to assume that the communication campaign increased awareness of SONU at the same time when the pilot was introduced, causing a further increase in use of facility-based delivery even in control facilities at this time point, as detected by our analysis. In line with prior research (Belaid and Ridde, 2015) , our observation confirms the importance of appraising findings in the light of the contextual factors that characterize the implementation of an intervention.
Methodological considerations
In appraising our findings, we caution against several considerations. First, the fact that our dataset did not allow us to include births attended at the local district hospitals (one per district) could have led to an underestimation of the effect of both SONU and the pilot, by not taking into account the fact that women from CSPSs are referred or refer themselves to district hospitals for delivery. The exclusion of district hospitals from our dataset could explain why the annual rate of assisted deliveries observed in our study was generally lower than the rate reported in the annual health statistics (INSD, 2015) . Second, lack of available data also did not make it possible for us to estimate changes in the proportion of women receiving treatment for obstetric complications, including caesarean sections, nor on ultimate health outcomes, such as maternal mortality. Third, our analysis is unable to discern the impact of user fee reduction and removal from the impact of the quality of care measures that accompanied both interventions. It is plausible to assume that the effects detected in our study are the effects of implementing a health financing reform within the framework of a country that is at the same time working to strengthen provision of emergency obstetric care. Fourth, we need to acknowledge the inherent risk of using HMIS data to monitor service use since these datasets often exclude private facilities (Meessen et al., 2011) . In our context, however, this matter is of little concern, since private provision is basically non-existent (INSD, 2015) . Last, we modelled the seasonality. However, we could not fully explain it. The first peak in April and May (dry season) could be explained by easier geographical access and lower opportunity cost related to care seeking (Sauerborn et al., 1996; Hounton et al., 2008) . It is difficult to understand the second peak in August and September (rainy season) though it might be driven by the higher conception probability during colder months (December and January) (Ellison and Valeggia, 2005) . Further qualitative investigations would be needed.
Conclusions
Using the case of Burkina Faso and relying on a strong quasiexperimental design, our study provides evidence on the potential of user fee reduction and removal policies to produce positive and sustained increases in healthcare use. Still, our study also detects the limitation of these policies in ensuring that all women reach a facility for their deliveries, pointing at the existence of other important barriers to access. While acknowledging the important step made by Burkina Faso in launching the gratuité policy in 2016, our study clearly suggests that a multi-sectorial approach, addressing barriers beyond direct payments at point of use, is needed to ensure that all women enjoy skilled attendance at birth. Future research should focus on evaluating the impact of the gratuité policy on service use, expanding dimensions of observations to examine the influence of contextual factors (geographical accessibility and quality of care), estimating additional costs of moving from 80% reduction to full removal of user fees, assessing the affordability and financial sustainability of the free care policies and their potential to generate improvements in financial protection and ultimately in health.
